Dominant propulsion systems of today's LNG carriers are steam propulsion systems. Although a number of alternatives are developed, only steam propulsion systems in LNG carriers can fulfill a double function: the function of propulsion and on the other side the combustion of large amounts of BOG (Boil Off Gas) in one or more steam generators. In this paper was provided an analysis of the low-pressure feed water heater, as one of the important components of LNG carrier steam propulsion system. Based on the measured data for all flowing substances throughout the low-pressure feed water heater, it was performed numerical analysis of his energy and exergy efficiency, as well as calculation of energetic and exergetic power losses. The measurements were performed during LNG carrier maneuvering period, what enables insight into the operating parameters of heat exchanger during partial loads of steam propulsion system. From the energetic point of view the low-pressure feed water heater is a nearly perfect balanced device. Analyzed heat exchanger noticeable problems can be seen in exergy efficiency and exergy losses. Exergy represent the maximum available energy potential of any observed component in relation to the environment state. Impact of ambient temperature on the size of the exergy losses has been investigated at the end of conducted analysis. The low-pressure feed water heater is an example of a device which is very well balanced on the one side, even in the conditions of the steam system partial loads, and on the other side his available exergy potential is very poorly exploited.
Introduction
The first LNG carriers were built in the 1960's, and their propulsion systems have been somewhat different than for other ship types. With the aim of efficient, safe, and reliable propulsion, there must also be a means of dealing with the boil off gas (BOG) from the cargo tanks. Propulsion systems available to provide also a solution to the BOG issue were steam propulsion systems which burned the BOG in the steam generators [1] . Nowadays, steam propulsion systems maintain the primacy in the propulsion of LNG carriers, despite numerous alternative propulsion systems [2] .
In this paper was analyzed low-pressure feed water heater from LNG carrier steam propulsion system in real exploitative conditions. The low-pressure feed water heater is one of the steam propulsion system constituent components [3] , and it is very important to know the movement of its efficiencies as well as energetic and exergetic losses. By knowing the efficiencies and losses of this low-pressure heat exchanger, it is possible to analyze his impact on total energy and exergy balance of the entire steam propulsion system. LNG carrier on which is mounted analyzed low-pressure feed water heater has main characteristics presented in Table 1 . 
Low-pressure feed water heater specifications and characteristics
A low-pressure feed water heater is a typical representative of shell and tube heat exchangers [4] . Feed water is a medium that is heated through a heat exchanger and it has a single entrance (inlet) and single exit (outlet). The feed water is heated with two operating substances. One of them is steam subtracted from the main turbine, at the highest observed steam propulsion system loads. Another medium that heats up the feed water continuously throughout the whole operation period is condensate (inlet). Condensate (inlet) is obtained from the steam subtracted from steam generators (steam propulsion system has two mirror oriented steam generators). Subtracted steam passes first through the air heaters of steam generators, condenses in them and formed condensate is used in low-pressure feed water heater as the heating medium. Last operating fluid is condensate (outlet) generated from condensate (inlet) and the steam subtracted from the main turbine (which condenses into low-pressure feed water heater).
The main constructional and operating parameters of the low-pressure feed water heater were presented in Table 2 , according to the producer specifications [5] .
Overall dimensions and cross section of the analyzed low-pressure feed water heater are presented in Figure 1 . As for all other heat exchangers, also in this case of lowpressure feed water heater is necessary regular control and maintenance during operation.
Efficiency and losses numerical model
For the low-pressure feed water heater, all the essential elements of numerical model were presented in Figure  2 . The required enthalpies and entropies were calculated from measured pressures and temperatures for every flowing substance by using Nist REFPROP software [6] . Mathematical definition of the low-pressure feed water heater, according to Figure 2 , demands three balances, which is necessary for energy and exergy efficiency and losses calculation. These balances are mass flow balance, energy balance and exergy balance [7] .
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-Energy balance (according to [8] 
and [9])
Energetic power input:
Energetic power output:
Energetic power loss:
The energy efficiency of the low-pressure feed water heater was obtained by using an equation: 
-Exergy balance (according to [10] and [ 
11])
Exergetic power input:
Exergetic power output:
Exergetic power loss (exergy destruction):
The exergy efficiency of the low-pressure feed water heater was obtained by using an equation:
The environment state (dead state) in the engine room of analyzed LNG carrier during a measurement period was:
-Pressure:
T 0 = 25 °C = 298.15 K.
Measurements -equipment and results
The measurement results were obtained by using existing measuring equipment already mounted on all the components of the steam propulsion system. Control and maintenance system (provided by manufacturer on the analyzed LNG carrier) is very important on such propulsion systems because it allows control and regulation of all operating parameters for each constituent component.
List of used measuring equipment is presented in Table  3 . Measuring equipment details as well as accuracy ranges of any used measuring device can be found on producer web sites. Measurement results for all fluid streams throughout the low-pressure feed water heater are presented in Table  4 . All operating parameters were measured in relation to propulsion propeller revolutions. Propulsion propeller revolutions are directly proportional to the steam propulsion system load -by increasing in propulsion propeller revolutions also increases the steam system load. On the analyzed LNG carrier during exploitation, maximum steam system load occurs at propulsion propeller revolutions 95 min -1 (full speed operation mode). 
Results and discussion
Low-pressure feed water heater energy and exergy efficiency change is presented in Figure 3 .
The energy efficiency of this heat exchanger is very high (above 90 %) even at lowest steam system loads. A noticeable jump in energy efficiency can be seen at propulsion propeller revolutions of 73.09 min -1 . That is the moment in which steam from the main turbine starts to enter in the heat exchanger. By increasing the steam system load, the amount of steam that enters in the lowpressure feed water heater increases, causing an increase in the energy efficiency. At highest observed steam system loads energy efficiency reaches the level which is very close to 100 %.
Exergy efficiency of the observed heat exchanger is much lower than the energy efficiency. During the lowest observed steam system loads exergy efficiency amounts 27-40 %, with further growth potential during steam system load increasing. Like in energy efficiency, also in the case of exergy efficiency the noticeable jump was recorded at propulsion propeller revolutions of 73.09 min -1 , at a moment in which steam from the main turbine starts to enter in the heat exchanger. Even at the highest steam system loads exergy efficiency of low-pressure feed water heater does not exceed the limit of 50 %.
Pursuant to the above, from Figure 3 it can be concluded that the observed low-pressure feed water heater is energetic almost ideally balanced. On the other side, exergy potential, according to the environment state, is quite poorly exploited, even at the highest considered steam propulsion system loads.
A good energetic balance of low-pressure feed water heater can be seen in his energetic power input and output change, for various propulsion propeller revolutions, Figure 4 .
At lower steam system loads, energetic power input and output does not exceed the limit of 400 kW. At the moment of steam entrance into analyzed heat exchanger energetic power input and output rises rapidly and they achieved almost 1400 kW at the highest observed propulsion propeller revolutions. The difference between trend-lines of energetic power input and output represent energetic power losses in the analyzed heat exchanger. On the lower steam system loads that difference has a small value but is still visible, Figure  4 . At higher propulsion propeller revolutions, during the steam entrance from the main turbine, the difference in the trend-lines between the energetic power input and output is almost invisible.
From Figure 4 it can be concluded that steam entrance into the low-pressure feed water heater causes a further reduction in the already low energy losses, while the amount of heat exchanged significantly increases.
The size of energetic power losses of low-pressure feed water heater is presented in Figure 5 . During the whole observed operating period energetic power losses are very small and they do not exceed 17 kW, even at the lowest propulsion propeller revolutions, where, due to the start of the steam system operation, higher energetic losses usually can be expected. At the time when steam from the main turbine enters in the analyzed heat exchanger, the energetic power losses were falling drastically and at the highest observed propulsion propeller revolutions they do not exceed 5 kW.
Energetic power losses are inversely proportional to energy efficiency for analyzed low-pressure feed water heater. For lowest values of energy efficiency, energetic power losses have the highest values and vice versa at higher energy efficiency values energetic power losses are the smallest, almost negligible for the observed heat exchanger.
Exergetic power input and output trend of change for analyzed heat exchanger during all observed propulsion propeller revolutions can be seen in Figure 6 . Trends of change for both exergetic power input and output are almost the same. At lower steam propulsion system loads exergetic power input and output are almost constant. Strong growth of exergetic power input and output is occurring at the moment of steam entrance into the low-pressure feed water heater. It is necessary to notice that the increase in exergetic power input is sharper than the increase in exergetic power output at highest observed propulsion propeller revolutions. In that operational area the steam brings a significantly greater amount of exergy into the heat exchanger compared to exergy that is transferred to the feed water. This fact has a great influence on the exergetic power losses.
The difference in the trend-lines between exergetic power input and exergetic power output is quite large, so the general conclusion is that, unlike the energetic point of view, analyzed low-pressure feed water heater is poorly exergetic exploited. Confirmation of this conclusion is evident in Figure 3 , which displays the movement of exergy efficiency.
Exergetic power losses, Figure 7 , have the opposite movement trend compared to energetic power losses. At lower propulsion propeller revolutions exergetic power losses are almost constant and amounts around 60 kW. When steam starts to enter into the analyzed heat exchanger, at propulsion propeller revolutions of 73.09 min -1 , exergetic power losses started to grow rapidly. Maximum exergetic power losses occur at the highest observed steam system loads and amounts around 160 kW.
Steam entrance into the analyzed heat exchanger, from the exergetical point of view, causes one good and one bad phenomenon. Bad phenomenon is that steam entrance causes an increase in the exergetic power losses, which are already high in the analyzed heat exchanger. Good phenomenon of steam entrance is an increase in exergy efficiency of the low-pressure heat exchanger. One of the options for future research of this heat exchanger is certainly the cost-effective analysis -whether the increase in exergy efficiency can compensate the increase in exergetic power losses.
Exergetic power losses (exergy destruction) can be reduced in different ways. Most of them are very complex and involves changes in various operating parameters for any observed heat exchanger. One of the acceptable and easily feasible models of exergetic power loss reduction is the change in the environment temperature, in particular case of the ship engine room, in which is located analyzed low-pressure feed water heater. Figure 8 presents the change in exergy destruction for low-pressure feed water heater during all observed steam system loads. Presented trend-lines provide the best insight into the mode and intensity of exergy destruction reduction. Middle trend-line presents the change in exergy destruction for analyzed heat exchanger during the real exploitation conditions, in which the engine room temperature was 25 °C. With the increase of temperature in the ship engine room from 25 °C to 40 °C, exergetic power losses will increase, while with reducing the temperature from 25 °C to 10 °C exergetic power losses will decrease.
Also in this case one of the areas of future research would be to study the economic impact of temperature reduction in ship engine room on exergetic power loss reduction. In this analysis, it would be necessary to include not only the analyzed low-pressure feed water heater, but also all the other devices that are an integral part of steam propulsion system.
Conclusions
In this paper was presented energetic and exergetic analysis of the low-pressure feed water heater, an integral part of steam propulsion system mounted on the analyzed LNG carrier.
Measured results of all flow streams throughout the low-pressure feed water heater were performed in ship exploitation during maneuvering period. On that way an insight into the efficiencies and losses of the analyzed heat exchanger during transient steam propulsion system operating conditions was gained.
From the energetic point of view, the low-pressure feed water heater is almost perfect balanced device that achieves the highest values of energy efficiency and the lowest energetic power losses on the highest observed steam system loads. Also at the lower steam system loads this heat exchanger reaches highly energy efficiency values on the one side and more than sufficient low energetic power losses on the other.
Exergy efficiency of analyzed heat exchanger varies between 27 % at the lowest observed steam system loads, up to approximately 50 % at the highest observed steam system loads. From the exergetical point of view, this heat exchanger is insufficiently exploited and a practical solution for increasing its exergy efficiency should be founded.
Low heat exchanger exergy efficiency causes high exergetic power losses. Influence of steam, which enters into the heat exchanger as additional heating medium at higher steam system loads, is twofold. At the same time, steam flow causes an increase in exergy efficiency with simultaneous increase in exergetic power losses.
Finally, it can be concluded that the energy flows of the analyzed low-pressure feed water heater were almost perfectly adjusted, but the problems are visible in the usability of the exergy potential due to the environment state.
